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1.  Let  us  investigate  a  rectangular  plate  of 
uniform  thickness  h  ,  with  one  of  the  elastic  symmetry 
planes  parallel  to  the  middle  plane  of  the  plate,  the, 
other  two  being  parallel  to  its  sides. 

The  rectangular  coordinate  system  (  *,  p. T  }  is  so 

selected  that  the  coordinate  plane  0$  coincides  with  the 
median  plane  of  the  plate,  but  the  coordinate  axes  «,  p  > 
are  in  direction  of  its  sides. 

The  following  hypotheses  ere  assumed  /l/  s 

a)  The  normal  stresses  sY  on  areas  parallel  to 
the  median  plane  may  be  neglected  as  compared  to  the 

other  stresses.  „  .  .  , 

b)  The  normal  distance  (7)  between  two  plate  points 

remains  unchanged  after  the  deformation. 

c)  For  tangential  stresses  - t«t  and  *eir  we  have 

T«r  =  v  ('4'  **“  If2)  9  (a»  P)»  Tfrr=  y  ( j  T2)  $  (**P)  (41) 

where  <?(*.  P)  and  (  a,  {■;■  )  are  arbitrary  functions  to  be  ‘ 

determined  of  coordinates  *,  p. 

These  hypotheses,  as  is  known  /2,3/ >  prove  their 
validity.  Some  Inconsistency,  which  is  due  to  the  accept¬ 
ance  of  hypothesis  (a),  can  be  justified  in  the  present 
case.  The  fact  is  that  in  omitting  cY  ,  we  first,  of  all 
commit  only  small  errors  for  the  majority  of  actual  plates, 
since  all  terms  connected  with  cY  have  small  multipliers; 
second  --  omission  of  °r  does  not  distort  the  qualita¬ 
tive  aspect  of  the  investigated  problems,  and  third  — 
omission  of  cy  substantially  simplifies  problems  of 
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r  stability-  and  oscillations  of  anisotropic  plates. 

In  work  /!/,  while  investigating  problems  of  bend¬ 
ing  of  anisotropic  plates,  a  resolving  system  of  three 
differential  equations  in  three  unknown  functions  is 

derived:  normal  dislocation  v(  *,  p  )  and  functions 
^(x,  <i),  $(xt  p):  For  the  accepted  notations  the  system 

has  the  form 


()<?  . 
ai  <>? 


0 


where  Z  -  intensity  of  the  normal  approximated  surface 
load]  844,  ae>^  —  known  elasticity  coefficients 

/l  ,4/.  „ 

For  setting  up  equations  of  static  and  dynamic 
stability  and  ocillations  of  rectangular  anisotropic 
plates ,  which  are  Investigated  here,  we  start  with  the 

equation  system  (1.2).  , 

2.  We  derive  the  eauation  of  static  stability 
by  substituting  in  (1.2)  for  Z  the  expression  /4, 5/ 


<2’>  ; 

where  T9  ,  ^2  an^-  —  tangential  forces  per  unit  length 
acting  In  the  median  plane  of  the  plate. 

Substituting  (2.1)  into  1.2)  we  obtain  the  final 
equations  of  stability  of  an  orthotropic  plate 


Z  +  %  +  <2’2) 

\Bn  +  (Bn+  2B«)  w  -  Jg  faM  (Bn  4  gp)  f  4- 

d  flu  (#«4-  Bu)  4*  *  ~  0 
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(#irt  2#«> ggijgpr  +#ts »  — 

-1-  fg  [e»*  (®»+  ;|jfp  +  ®«  (^**  §5“  '*'  ^**  4*)  4s]  -f-  41  ~  0  (2.2) 

0  Oi.lt  • 


Let  us  Investigate  the  stability  of  a  rectangular  plate 
supported  .along  the  edges,  compressed  in  both  principal 
directions  (Pig.  1).  Assuming  /*»=»  P,  JV“ XP,  we  obtain 


Pi (2.3) 


Pig*.  1 


We  seek  the  solution  of  system  (2.2)  in  the  form  of  where 


.  mnot  nr/i 
s  M'  IT*  Sill -  S  II  =f 

«i«a  .  «»& 

9a COS—  SIB  -y 

j  ,  .  mna  nr$ 

4  ~  'yo sin  ~r*  008  sr 


(2.4) 


wo»*#o  41  o~ -unknown  constants.  Using  (.2.4)  we  satisfy  the 
requirements  of  hinged  support  around  the  whole  outline 

of  "the  plate.  .  .  .  >  ’ 

Substituting  (2.4)  into  (2.2)  we  get 

W(r:4V.-ET»-ET^t 

'-£[#„ j? -I  £•]*•-[  1 

w  (».>+««)  m 

[(»„  ■  2 U„)  £  +  *„  £]  «.  -  ...  <*..  +  »«)  TT  «.  ■ - 

*  _  *  ...*%* 


it *A*  f  it  m* 

To  "«*'  r 


This  system  has  solutions  different  from  zero  only 
in  cases  when  the  determinant  composed  of  the  coefficients 
u  of  the  system  is  zero.  Equating  the  determinant  of  the  j 
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system  (2.5)  to  zero  we  can  find  the  following  expression 
for  the  critical  value  of  force 


Pj  -  + 


(2.8) 


where 


n*/*  v*  v 

^"w*K=  m^T^TX^-jp [^!I  "5r  + 2  l&n  +  w  '**  ^»*f] 

is  the  value  of  critical  force  of  an  analogue  problem, 
assuming  validity  of  Kirchoff's  hypothesis  /4/ 


A  — *  S 


,  tt*. 


.  »■  .  ..  A*fr+  **fWyy 

*~»Ksr  +  «"▼)  J,„^+J(,„+2J>.,^+*.^ 

#  »=  |(«mZZjI  -f  aM£M)  T  (OM^M-f  *«£w)-jr]  + 

+  [(®u'?T  +  rfits  v)~  (®»  +  fl“**'w] 


The  first  term  of  formula  (2.6)  represents  the 
value  of  the  critical  force  of  the  investigated  problem, 
determined  by  the  classic  theory  of  plates,  but  the 
second  one- -its  correction. 

It  should  be  pointed  out  that  the  secona  term  of 
the  expression  (2*6),  which  is  conventionally  called 
its  correction,  in  some  cases  may  be  larger  than  the 
basic  term  determined  by  the  classic  theory. 

When  the  plate  is  compressed  in  the  main  direction 
only,  the  formula  (2.6)  remains  unchanged,  hut  the 
expression 

P„=^[i>,iy  +  2(Oi.+  '»«>•=£+»»£]  <**> 

must  be  used  for  P*  instead  of  (2.7)* 

In  the  special  case  of  a  rectangular  plate  support¬ 
ed  all  around  the  edges,  compressed  in  direction  cL  ,  and 
made  of  transversely  isotropic  material  (it  being  assumed 
that  the  isotropy  planes  at  each  point  are  parallel  to 
the  median  plane  of  the  plate  /4/  we  get  for  the  critical 

forC®  _  .  *•£>  (w  / c  4-  <»* /  **)*  (2.10)  | 

"«m  =  1  +  +  **)  J 
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where 


D 


Eh* 

■"12(1-^’ 


**h*  E 

W  G‘  <*-**) 


"f 

(2.H) 


I,  u  ^.elasticity  modulus  and  Poissons  ratio  in  the 
Isotropy  plane:  qi. .shear  modulus,  characterising  the 
distortion  of  angles  between  the  directions  in  the  plane 
of  isotropy  and  perpendicular  to  it.  ... 

In  examining  (2.10),  it  is  easy  to  prove  that  the 
value  of  the  critical  force  is  minimal  when  only  on©  half¬ 
wave  is  generated  in  the  direction  perpendicular  to  the 
direction  of  compression,  that  is  if  a«l.  We  get 


n  m  it*D  lm 'c  +  e/fii)* 

Pm  T+TF+TSfT?) 


(2.12) 


Prom  (2.12)  it  may  be  seen  that,  as  in  the  ana¬ 
logous  problem  of  the  classical  plate  stability  theory 
/4,5/,  the  minimum  value  of  critical  force  Fffi*  is  In¬ 
dependent  of  m  and  equals 


P  »tl» 


w*P  4 

“6*~  4 


(2.13) 


The  values  of  the  plate  side  ratio  caa/b  for 
different  m  ,  when  the  critical  force  reaches  its  min¬ 
imum  (2.13)  can  be  determined  from  the  formula 


e  =  m  KU -*)/(*  +  *)  (2.14) 

As  may  be  seen  from  (2.12)  to  (2.14)  the  determined 
values  substantially  depend  on  the  coefficient  k  ,  or 
on  the  ratio  of  elasticity  constants  E/G‘,  Poissons  ratio 
and  the  ratio  h/b>  that  is  on  some  relative  normalised 
plate  thickness,  which  depends  not  only  on  the  geometrical 
parameters,  but  also  on  the  physical  properties  of  the 

plate  material.  „  . .  .  _ 

In  -Table  1  values  of  coefficient  k  and  coordinates  . 

of  some  characteristic  points  of  curves- <l»  ~  ®(c)  for  p  — 

0.25  ere  given,  in  the  upper  part  of  the  Table  h/b  *  0.1, 

but  in  the  lower  part  h/b  -  0.2;  cn  and  §h  are  points  of 
intersection  of  stability  curves. 


j 


i 


Table  1 


o 

0.02632 

0.05264 

O.IOKJ 


(1 

0.1053 

0.2106 

0.4211 


Points  rotB 


1.0 

0.974 

0.949 

0.900 


4.00 

3.798 

3.010 

3.274 


1.0  4.0 

0.900  3.274 

0.808  2.730 

0.638  1-981 


1.414 

1.373 

1.332 

1,256 


1.415 

1.256 

1.113 

0.857 


4.50 

4.245 

4.009 

3.593 


4.50 

3.593 

2.930 

2.054 


3.464 

4.083 

3.372 

3.873 

3.283 

3.677 

3.110 

3.329 

3.464 1 

4.083 

3.110 

3.329 

2.785 

2.765 

,2.192 

1.994 

Based  on  data  of  Table  1  stability  curves  forborne  values 

of  parameter  k  are  plotted  In  Fig.  2;  for 


6$  t0 

Pig.  2 


$  f  Xk-~'k~’0  ~  k  eiGSJ  t  1  k &  0  correspond  to  the 

\i\ -MOStt '  v  solution  of  the  pre- 

ie  hST/  Z\f  sent  problem  of  the 

m>t  ^3  classical  method. 

#«  From  the  examined 

mo f-~- ip  numerical  examples 

- - -*s — —  :rb~  we  see.  that  with  an 

gm- - 1  increase  of  parameter 

je  1  — Li _ J — - — 1 - J  k  the  critical  force 

e¥  9  SS  to  20  .  c  decreases,  as  compared 

Pig.  2  *  with  its  value  obtaine 

K  fuSSSJ  vlth^lncreas* 

“j  tL‘^?t^lC?o?cf  p“  SSTW  S\S[  cSSap“ 

?Lla  2  Show  some  rcsSlta  of  variations  calculated  with 
a  computer  l).  Values  of  the  expression  <J> (e)  *- I*  kk-lhi 
for  different  ratios  b/a  and 

T  ™  Ft  •  **• '  03 

are  given  in  the  Table.  Here  £‘>  l«> and  t»  — elaaticltj 
moduli  and  Poissons  ratios  along  direction.,  a  an  £ 

respectively . 
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Table  2 


c 

*.--2 

1 

=5  ! 

1 

-  iO 

*  0 

0.25 

12.6193456 

9.152XS8 

8.2856576 

16,9181000 

0.45 

5.2574384 

4.538S992 

3.7037616 

5.8843716 

0.65 

3.1438824 

9.8728144 

2.5156152 

3.3.569640 

0.85 

2.3224992 

2.1740704 

1.9668984 

2.4341830 

1.05 

1 .9577536 

1.8552720 

1.7077264 

2.0331295 

1.25 

1.7985344 

1.7164560 

1.5960576 

1. §581000 

1.45 

1.7495952 

1.6771424 

1.5695656 

1.8017243 

1.65 

1.7685984 

1.7003600 

1.5981904 

1. 81 74098 

1 .85 

1.8344560 

1.7673152 

1.6661854 

1.8822841 

2.05 

1.9357216 

1.8676672 

1.7647040 

1.0840536 

2.25 

2.0657552 

1.9953648 

1.8885064 

2.1156309 

2.45 

2.2204896 

2.1466720 

2.0343182 

2.2726873 

c= 1.4820312  c  =  1.4829352  c= 1.4335692  e=  1.5953488 

a»raln=1.7487856a>mln=1.6770192®m!n=i.5693778©w!a=1.80002T2 


Calculations  were  made  only  for  m-  1.  According  to 
the  methods  based  on.  the  case  for  m«l  the  cases  of  m*  2j>3*« 
can  be  determined.  In  the  last  column  of  Table  2  values  of 
1)  The  calculations  were  made  on  an  electronic  computer 
type  M“3  at  the  computing  center  of  the  Armenian  SSSR. 

<D(c)  ,  calculated  according  to  the  classical  theory  of 
plates,  are  given.  The  two  lowest  lines  give  values  of 
c  and  the  corresponding  <f>  , 

3.  In  order  to  obtafii  Equations  of  free  oscillations 
of  non  loaded  plates  it  is  necessary  to  assume  for  Z 

A, 6/  in  (1.2) 

~g 

The  final  equation  of  free  oscillations  of  the  orthotropic 
plate  can  be  written  in  the  form 


$9  dty 
oa  r 


12  Te'1  5*a> 
h3  g  dt* 


0 


(3-1) 


B 


•;  (^12  "  2 B9b)  iy  [ais^5i  (f(tt  •;  <^»)?  "• 

-r  «« (#i2  +  Hu)  ]-:?=-  0 

H  2^)3^  +  B^]u>  -  £  [«„<»„  t 

*!-  au  [Ben  ~j(-  #22  “p)  <yj  -i  'y  0 
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where  to;  -specific  gravity  of  the  plate  material,  g  - 
gravity  acceleration.  The  solution  of  system  ( 3 *3. J 
we  seek  in  the  form 

,  niK3  .  nn'i  . 

«'  -  -  U'0  Sill - SHI  -  Hfr  itil 

0  a  b 


9  —  f0coa 


»<« a  i  »<?t$  . 

- -  sin— r1 

a  b 


,  ,  .  i»uta  ><-  [1  „„  . 

9-  9„sih  cos  -  ^  t'«>s  «'*/ 


satisfying  conditions  of  free  support  along  the  vnole 
contour  of  the  plate. 

Substituting  (3.2)  into  (3,.l)  ve  obtain  a  system 
of  homogenous  equations  in  u'»>  fo.  V*  •  Equating  its  deter¬ 
minant  to  zero  we  get  the  frequencies  of  free  oscilla¬ 
tions  from  _____ 

«u  owK  1  +  d  (3.3) 

where  d  corresponds  to  (2.8),  and 

~  **  V  iffr  iT  +  2  (Dn  4-  2D&)  ~^r  r  D»s  -p~]  (3*4) 


represents,  properly  speaking,  its  frequencies,  determin¬ 
ed  according  to  the  classical  theory  of  plates. 

If  the  plate  is  made  of  transversally-isotropic 
material  (see  section  2)  /%/  we  get  for  the  frequencies  of 
free  oscillations  .  ’ 


Mmn  =» 


i _ 

Ki+“*(m«7?  +  »*)  * 


v 1  *  +  B‘>  <3  5) 


Table  3  gives  values  of  ratio ®wm/ Wmn. corresponding 
to  some  oscillation  tones{J»f  »  «  1,  2) calculated  according 
to  formula  (3.3)  for  a  square  plate  (e  ■*  1)  with  different 
values  of  parameter  k  . 


Table  3 


k 

.  i 

| 

k 

«„/«  * 

* 

« 

• 

» 

i" 1 

0 

1 

1 

1 

0.15 

0.8771 

0.7559 

0.6742 

0.02 

0.9806 

0.9535 

0.9285 

0.20 

0.8452 

0.7071 

0.6202 

0.03 

0.9713 

0.6325 

0.8880 

0.25 

0.8165 

0.6067 

0.5774 

0.9535 

0.8644 

0.8452 

0.30 

0.7908 

0.6325 

0.542** 

0.9? 

0.9366 

0.8607 

.  0.8006 

0.35 

0.7670 

o.eoso 

0.5130 

9.10 

0.9121 

0.81165 

0.7454 

0.40 

0.7454 

0.5774 

0.4880 
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*1 

f  This  table  shows  that  with  increase  of  parameter 

k  the  frequencies  of  Its  oscillations  '*»m»  vary  more  greatly 
from  the  corresponding  frequencies  obtained  by  the 
classical  theory  of  plates.  This  difference,  less  pronounced 
at  the  lowest  oscillation  frequency  (w„)  ,  becomes  more 

substantial  at  the  highest  oscillation  modes  (  ton  ,  etc.) 

4.  The  equation  of  dynamic  stability  of  an  ortho¬ 
tropic  plate  is  found  when  substituting  in  (1*2)  for  Z  the 
expression  /?/ 


„  0  d*w  ,  T  o  £*«•  ,  „  „  <f*u>  yji  dha 

A  1 1  "0a*  1 8  0*s*  ^  0«  d$  ~g~  di * 


(4.1) 


Substituting  (4.1)  into  (1.2)  we  can  easily  obtain 
the  final  equations  of  dynamic  stability  of  orthotropic 
plates. 

If  the  plate  is  compressed  in  the  main  direction 
*  only  (Pig.  1)  then 

■f -c  _  /»,  Tt°  5°  -  0  (4-2) 

Let  us  assume  that  the  external  force  P  varies 
periodically  in  time 

/»../*,  cos  9#  (4.3) 


where  -  amplitude  and  ©  -  frequency  of  external  force. 
Considering  (4.1)  to  (4.3)  the  system  (1.2)  is  written  as 


A*  (fy  ,  ty  \  n  a.  0*’*’  T«A  0**’  A 

n  \W  +  W'~ P° C08 9t TST-  #  T**  0 

4-  (Bit  4  B*t)  4-  9  **  0  ^  I 

[(^it  4  25aj)  4  Bt s  ^ w  *-  I®!®  ($2*  4  ^s.)  jyfg*  4 

4  (#m  -Jjr  4  ■jpr)  4»]  +  #  **  ® 


We  seek  solution  of  system  (2.3)  in  the  form  of 

w  ~w{t) sin  — — sin 


m«a  b*{1 


9~-?(0  cos 


m»f#  .  «#|J 

T“sin  "T*  * 


4>  ==  4  (X)  gin  cos  (4.5) 
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whftT»e  wfth  #<(t),  and  $ (t)  —values  of  cunctlons  w,  9  and 
T”  the  center  of  the  plate.  This  will  satisfy  the  con- 
dltions  of  hinged  support  all  around  the  outline  oi  the 

^  3  Substituting  (4.5)  into  (4.4)  we  obtain 


~r  po  (O' — j? -r*  *  W  ~  TF ' T*  ♦  W  “ 


5£-[ Bn  £  +  (»..  +  2B«)  £]•“ (0  -[l  +  T  TT  +  ®"  t)]» ~ 

-^a«(fi..  +  R-'jS-K<>  =  0  (46: 

[(fi„  +  2Ba)  ~  +  B„  ■£]  «> (0  - *£■  ««.  («■»  +  a«>  'T  *  w  “ 

The  last  two  equations  of  system  (4.6),  as  may 

be  ft  SWfJo21iy»tSP(5.6)  with" 

respect  to  w(tj  vS  ?bt4in  the  differential  equation 


<£> 

rfi* 


+  «L(l-T-~s~cos^)w(<)  = 


where  P*n  /requenc S* coL^ 

SrSssainfforaee(2?9)  (if  the  compressing  force  acts  in 

one  direc|^iJ0ari(^7)ri8Pthe  well-known  equation  of 
Matthieu  ^or  certain  coefficient  relationships  it  has 
increasingly  unlimited  solutions.  These  anions  fill 
out  complete  areas  of  the  parameter  plane, ,  to  wnic 
correspond  regions  of  dynamic  instability. 

Let  us  rewrite  equation  (4*7)  as 


£*-<!>  -i-  bhJ{\  --  2K,n  cat*)  u-  (0  •  0  {K 
dt* 


(4.H) 


*Pfitn  1 


regions  can.  d 
u  ing  formulas: 


fea  is  known  /?/,  the  boundaries  of  instability 
an  b l  approximately  determined  from  the  follow- 
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V  XS  ±XfMS 

for  the  first  or  main  instability  region,  or 
f**  $/ 1  t  j  *&» ,  •*  --  ®>««  K i — 2>w, 

for  the  second  instability  region,  or 


2 

J«*W 


fnn 


(4.11) 


for  the  third  instability  region.  . 

Here  ©°  are  critical  frequencies  of  external 
load,  that  is  external  load  frequencies,  corresponding 
to  the  boundaries  of  instability  regions. 

As  may  be  seen  from  the  above  formulas,  the 
critical  forces,  the  frequencies  and  instability  region 
boundaries  will  be  substantially  different,  depending 
on  the  number  of  half-waves  (m,n)  in  the  directions  <*- 


*"r  *  There  will  be  a  further  examination  of  the  case 
when,  in  both  directions  «L  and  ^  only  one  half-wave  Wxll 
be  generated,  that  is  in  all  the  above  formulas  we  shall 

take  m«n~l  (4.12) 


and  for  simplicity  the  indices  “  11 M  shall  be  omitted. 

Let  us  consider  the  case  when  the  rectangular 
plate,  supported  around  the  outline,  is  made  of  trans- 
versally  -  isotrop5.c  material.  As  before,  we  assume 
the  plan®  of  isotropy  at  every  point  to  be  pars  ilea, 
with  the  median  plane  of  the  plate. 


Table  4 


fc* 

j  5  regie®  | 

■ 

j  it  region 

t 

! 

|  hi  region  ; 

1  '  ! 

o 

0.1 

0.2 

0,3 

0.4 

1.00  {  1.00 

0.9487  1.0488 

0.8944  1.0954 

0.8367  1.1402 

0.7748  j  1.1832 

0.7071  1.2248 

a 

Per  *=0  <*.  j  «*/«) 

lies 

0.50  0.50 

0.4950  0.5008 

0.4706  0.5033 

0.4528  0.5074 

0.4123  0.5132 

0.3536  j  0.5204 

0.3333  0.3333 
0.3312  0.3316 
0.3235  0.3272 
0.3068  0.3205 
0.2734  0.3120 
0.1992  0.3018 

—  11 


j 


ffiable  4  ContQ 


0 

0.9X15 

.  0.6535 

0.4767 

0.4767  I 

0.3178 

(U 

0.8995 

1.0045 

0.4709 

0.4777 

0.3153 

0.2 

0.8422 

1.0531 

0.4531 

0. 4806 

0.3061 

0,3 

O'.  7804 

1.0996 

0.4216 

0.4853 

0.2852 

0,4 

0.7185 

1.1442 

0.3732 

0.4919 

0.2397 

»  * 

*Iiis 

0.9 .42 

1.1677 

I 

0.3371 

10  I 

0.4962 

0.1899  { 

u 

0.5129 

0.9129 

0.4564 

0.4564 

0.3043 

u.l 

0.81.0:* 

0.9661 

0.4498 

0.4575 

0.3014 

0.2 

6,7958 

1.0165 

0.4293 

0.4808 

0.2905 

0.3 

0.7303 

1.0645 

0.8929 

0.4867 

0,2644 

0.4 

0.67.83 

1.1105 

0.3352 

0.4738 

0.2010 

X  * 
iim 

0.6157 

1.1180 

0.3078 

0.4751 

0.1819 

0.3178 

0.3169 

0.8110 

0.3033 

0.2988 

0.2878 


0.3043 

0.3021 

0.2964 

(1.2881 

0.2735 


0.27 


For  *-~0,20  {X  -  — 1 *fu) 


0 

oj 

ta 

(Ui 


o 

UJ 

0,2 

)  ' 


0.8452 

0.8452 

0.4228 

0,4226 

0,2817  [ 

0.7838 

-O.W24 

0.4142 

0.4240 

0.2780 

0.717! 

UM&Z 

0.3880 

0.4281 

0.26.30 

0.6436 

1.0071 

0.3400 

0.4*48 

0.2225 

0.5976 

It 

i  Am\ 

0.2988 

0.4398 

0, 1684 

For  k  o.3u<*,  -Vie) 

11b 


lira 


\Ki\m 

0.7906  ; 

0.3953 

0.8953 

0.2635 

0.7216 

0.8515  ! 

0,,'ifCiO 

0.3970 

0.2589 

0  6519 

0.906*  : 

0.8525 

0.4020 

0.2*20 

0.5701 

0.9618  j 

U.2903 

0.4102 

0.174! 

0.5590 

0.9082  | 

0.2793 

0.4114 

0.1575 

i)i> 


0.2817 

0.2790 

0.2721 

0.2620 

0.2551 


0.2635 

0.2603 

0.2521 

0.2403 

0.2386 


The  regions  of  dynamic  instability  will  be  de- 
terminsd  per  formulas  (4*9)  to  (4»ll)>  the  indices  eu* 

being  omitted.  *  ’  . 

Let  ns  examine  a  square  plate  (  d  :  a).  ^ 

order  to  compare  the  results  obtained  for  the  instability 
regions  with  the  respective  results  obtained  by  the 
classical  theory  of  plates,  —  formulas  (4.9)  to  (4.11 J 
--  taking  (4.12)  into  consideration  —  are  presented 
in  the  following  form 


6 _ \Z  1 . _i—  X‘ 

2«°  ~  V  1  -  24  — 
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1 

r  for  the  first  (main)  instability  region*  br 


■v 


1  4  2k 


1  4 

a 


(xy. 


Wrhk  ~2<1  + <K°>*  <4  Ui) , 


for  the  second  instability  region,  or 

1  t/  i  9(f  +2iT(5?F^  Ao  #*.  \ 

2<b®  ~  3  V  14-24  8  ±90  f  24)  4*  V  2^  ) 


\ 

(4.15) 


for  the  third  instability  region. 

Prom  (4.8)  v®  draw  the  conclusion  that  X< 

and  therefore  for  the  limit  value  of  we  have 

\  .  i.-»!  s _ ■  l 

Miaitj;-  2(1  4-  24) 


Fig.  3 


(4.16) 

Table  4  gives  values 
of  ©°  /  2w°  dependent 
on  A*  »  calculated 
according  to  formulas 
(4.13)  to  (4.15)  for 
different  values  of 
parameter  k  . 

As  illustration  Fig.  3 
shows  regions  of  in¬ 
stability  for  k.O  and 
k»o.2. 


In  examining  Fig.  3  and  the  above  Tables  we  see  that  with 
increase  of  the  coefficient  k  the  instability  regions 
calculated  according  to  (4.13)  to  (4.15)  ere  different 
from  those  calculated  according  to  the  classical  theory 
of  plates  (k«0) ,  this  difference  being  a  decrease  of  ©°/ 

2v°  and  of  the  interval  of  parameter 

Analogous  calculations  for  orthotrcpic  square 
plates  (h=a)  were  made  on'  an  electronic  computer  type 
M-3  at  the  computing  center  of  the  Acad.  Sci.  Armenian 
SSR . 

Three  variations  of  these  calculations  are  given 
in  Table  5#  showing  ©°  /  2w°  for  different  values  of 
u  parameter  k  .  j 


Table  5 


0 

0.10 

0.20 

0.30 

0.40 

Him 


0 

0.10 

0.20 

0.30 

0.40 

Him 


F©rfct*=i0,  ki‘ 


2  (XJ^O,  4840484) 
lim 


0.9839190 

0.9839180 

0.4919595 

0.4919595 

0.3279730 

0.9317170 

1.0334878 

0.4866820 

0.4928338 

0.3257381 

0.8764112 

1.0807852 

0.4704945 

0.4954486 

0.3175495 

0.8173718 

1.1260980 

0.4422004 

0.4997713  ' 

0.2995431 

0.7537218 

1.1696586 

0.3992340 

0.5057337 

0.2626090 

0.6957358 

1.2050498 

k0. 3478379 

0.5120477 

0.1960013 

(X  *  =0.4543373) 

'  lim 


0.9532442 

0.8882532 

0.8418280 

0.7801758 

0.7182142 

0.6740454 


0.8887454 

0.8305832 

0.7680290 

0.6999060 

0.6284378 


0.9532442 

1.0043278 

1.0529360 

1.0993972 

1.1439730 

1.1674810 


0.4766221 

0.4708143 

0.4529443 

0.4214806 

0.3729991 

0.3370227 


0.4766221 

0.4775832 

0.4804549 

0.4852034 

0.4917743 

0.4960840 


*1==2.  *,=  10  (K  /  -0.3949343) 


0.8887454 

0.9433284 

0.9949214 

1.0439676 

1.0884864 


'lim 

0.4443727 

0.4371921 

0.4149053 

0.3748275 

0.3142189 


0.4443727 

0.4455582 

0.4490969 

0.4549311 

0.4625178 


0.3177480  I 

0.3152678 

0.3060235 

0,2850747 

0.2394993 

0.1898907 


0.2862485 

0.2931173 

0.2809120 

0.2507869 


0.3279730 

0.3262047 

0.3215206 

0.3145625 

0.2057170 

0.2969922 


0.3177480 
0.3158160 
0.3107304 
0.. 3032098 
0. 2936728 
0.2877331 


0.2962485 

0.2939012 

0.2878131 

0.2788981 


0.1770423  I  0.2682644 


Notations  used  in  these  Tables  are 


E  i  9t 


hn  ~  a^Ei  Qi&Ez 


where  E1  , ^  1  and  Eg  --elasticity  moduli  and 
Poissons  ratios  in  directions  smd+p  ,  respectively? 

$12  *  Bgg . 

Calculations  were  made  for/  =  0.3?  h/a»Q.l. 
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